variate analysis showed that age and PLR were associated with AF after CABG surgery ( p < 0.001 and p = 0.005, respectively). Using a multivariate logistic regression model with the backward elimination method, age and PLR remained as independent predictors of AF after CABG surgery ( p < 0.001 and p = 0.005, respectively). PLR levels >119.3 predicted postoperative AF with 64% sensitivity and 56% specificity (AUC: 0.634, p = 0.012). Conclusion: In this study, age and PLR level were independent predictors of AF after CABG surgery. Patients with an elevated preoperative PLR were at higher risk of AF after CABG surgery.
Introduction
Platelets are the source of inflammatory mediators and lymphocytes have been shown to regulate the immune response during all progressive stages of atherosclerosis [1] . The presence of increased platelets promotes inflammation, which in turn triggers a cascade of events resulting in the release of neutrophils, monocytes, and lymphocytes to the vessel wall [2, 3] . Increased platelet and decreased lymphocyte levels in the circulation have been reported to be associated with the poor prognosis in car-diovascular disease [4] [5] [6] . The platelet-to-lymphocyte ratio (PLR) has been defined as a new biomarker of inflammation and has been found to be better than the neutrophil-to-lymphocyte ratio in predicting inflammation in patients with end-stage renal disease [7] .
Atrial fibrillation (AF) is the most common arrhythmia after coronary artery bypass graft (CABG) surgery (prevalence between 25 and 40%) and is a predictor of complications such as thromboembolism, heart failure, renal insufficiency, morbidity, mortality, and longer hospital stay [8] [9] [10] . The presence of this postoperative AF has been known to be due to the contribution of systemic inflammation mediated by various proinflammatory cytokines, such as IL-6, IL-8, and TNF-α [11] . In addition to their role in the inflammatory cascade, these proinflammatory cytokines along with leukocyte count and neutrophil-to-lymphocyte ratio have been reported to be higher in patients with AF after CABG surgery than those without AF [12] [13] [14] . However, no data exists regarding the association between PLR (a marker of inflammation) and AF after CABG surgery. Therefore, the aim in this study was to investigate the potential association between PLR and the development of AF after CABG surgery.
Subjects and Methods

Study Population
Following approval from the Institutional Ethics Committee of Adnan Menderes University, the postoperative medical data of 125 patients were analyzed from a cohort of 350 patients who had undergone isolated CABG surgery from 2014 to 2015. The exclusion criteria were preoperative AF or any other arrhythmia; previous diagnosis of paroxysmal AF; infections; hyperthyroidism; proinflammatory and autoimmune diseases; the presence of a permanent pacemaker or an implantable cardioverter defibrillator; the use of synthetic hormone preparations, steroids, thiazolidinediones, propylthiouracil, amiodarone, and digitalis before CABG surgery; a hemodynamically unstable condition before CABG surgery; the diagnosis of decompensated congestive heart failure; and patients undergoing concomitant valvular surgery and a second bypass surgery.
Baseline clinical characteristics, type of preoperative treatment, echocardiographic and angiographic findings, and intraoperative and postoperative parameters were obtained from medical records. Complete blood counts, which included total white blood cells, neutrophils, lymphocytes, and platelets, were obtained using an automated blood counter, Mindray BC 6800 (Mindray, China). PLR was calculated as the ratio of platelets (10 3 /uL) to lymphocytes, (10 3 /uL) obtained from the blood samples that were taken in the fasting state.
Operative Technique
In our center, the patients were operated on with median sternotomy under general anesthesia and cardiopulmonary bypass with aortic and venous cannulations following systemic heparin administration (300 IU/kg). Standard cardiopulmonary bypass circuit and surgical management were used. Antegrade hypothermic and hyperkalemic blood cardioplegia was applied to all patients. Surgery was performed under moderate systemic hypothermia (30 ° C). Cardiopulmonary bypass flow was maintained at 2.2-2.5 L/min/m 2 , mean perfusion pressure was maintained between 50 and 80 mm Hg, and hematocrit level was maintained at 20-25% during cardiopulmonary bypass. In our center for coronary bypass operations, the left internal mammary artery was preferred for the arterial graft for left anterior descending artery revascularization, whereas saphenous venous grafts were used for other bypasses. Distal anastomoses were done during the aortic cross clamp period and proximal anastomoses were done on the beating heart onto the ascending aorta using a lateral clamp.
Postoperative Atrial Fibrillation AF after CABG surgery was defined as irregular arrhythmia lasting for ≥ 5 min before hospital discharge. In our center, all patients were monitored in the intensive care unit after surgery with a 5-lead monitoring system using the standard lead II configuration. After discharge from the intensive care unit, patients were followed up 6-8 times daily in the service. Following surgery, if a patient manifested with symptoms of palpitations or an irregular pulse, a 12-lead ECG was performed to diagnose the arrhythmia. Episodes of AF were treated according to clinical routines which included pharmacological interventions with intravenous amiodarone or, if contraindicated, with an oral β-blocker (metoprolol) and/or with electrical therapies like cardioversion.
Statistical Analysis
All the data were analyzed using the Statistical Package for Social Sciences (SPSS) for Windows (version 18.0; SPSS Inc., Chicago, IL, USA). Continuous variables were tested for normal distribution using the Kolmogorov-Smirnov test. Continuous data are reported as means and standard deviation or median if not normally distributed, and compared using the Student t test or the Mann-Whitney U test between groups. Categorical variables were summarized as percentages and compared using the χ 2 test. The receiver operating characteristics curve was used to determine the sensitivity and specificity of PLR and the optimal cutoff value for predicting postoperative AF in individuals who had undergone CABG surgery. Univariate analysis was used to calculate the association of different variables with postoperative AF. The variables for which the unadjusted p value was <0.05 in the logistic regression model were identified as potential risk markers and included in the full multivariate model. Backward elimination multivariate logistic regression analyses using a likelihood ratio test to eliminate variables were utilized. A 2-tailed p value <0.05 was considered statistically significant.
Results
Of the 125 patients, 50 with AF (mean age: 67.0 ± 9.5 years, 38 males and 12 females) and 75 patients without AF (mean age: 61.1 ± 9.1 years, 58 males and 17 females) were identified and the difference in mean age was statistically significant ( p = 0.01). Other baseline characteris-tics and preoperative medications did not show a statistically significant difference between the groups ( Table 1 ) . PLR (152.8 ± 82.2 vs. 118.2 ± 32.9, p = 0.012) was significantly higher in the AF group ( Values are presented as n (%) or means ± SD. BMI, body mass index; USAP, unstable angina pectoris; STEMI, ST-elevation myocardial infarction; PAD, peripheral arterial disease; COPD, chronic obstructive pulmonary disease; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; ASA, acetylsalicylic acid. (OR: 1.014; 95% CI: 1.004-1.024, p = 0.005) were associated with AF after CABG surgery. In the multivariate logistic regression model with the backward elimination method, age (OR: 1.078; 95% CI: 1.030-1.128, p < 0.001), and PLR (OR: 1.014; 95% CI: 1.004-1.024, p = 0.007) remained as independent predictors of AF after CABG surgery ( Table 4 ). In receiver operating characteristic analysis, PLR levels >119.3 predicted postoperative AF with 64% sensitivity and 56% specificity (AUC: 0.634, p = 0.012) ( Fig. 1 ).
Discussion
In this study, preoperative PLR was independently associated with AF after CABG surgery and predicted this arrhythmia with 64% sensitivity and 56% specificity. These findings are similar to those observed by Saskin et al. [15] , in which they not only identified PLR as a risk for postoperative AF, but also for reoperation of sternal dehiscence, occurrence of a neurologic event, prolonged hospital length of stay, and mortality. Similar findings were also reported in our study which identified longer length of both intensive care and hospital stay among those who had AF. However, PLR was not identified as an independent predictor of length of stay.
This study further identified age as an independent predictor of postoperative AF. This could be related to the inflammatory response mediated by advancing age through a variety of molecular mechanisms such as the mitochondrial adaptor protein p66 (Shc) and the family of deacetylase enzymes, the sirtuins [16] . In addition to the normal ageing process, cardiac surgery itself induces a systemic inflammatory response [17] . A previous study reported higher serum resistin levels both in the pre-and postoperative phases along with other proinflammatory markers (IL-6, IL-10, and CRP) [18] . These studies support the finding that inflammatory pathways, from either the advancing age or surgery or even both, could be a potential reason for the development of postoperative AF.
In addition, other mechanisms for postoperative AF are thought to be due to either atrial or myocardial ischemia, which can affect creatine kinase and contribute to the severe contractile dysfunction and structural and Receiver operating characteristics curve of the platelet-tolymphocyte ratio for predicting atrial fibrillation after coronary artery bypass graft surgery.
Color version available online electrophysiological remodeling [8] [9] [10] . Gary et al. [19] reported that higher platelet volume might change blood viscosity and increase inflammation because PLR was correlated with fibrinogen, which could lead to an increase in blood viscosity and therefore impairment of the tissue oxygen supply. Frustaci et al. [20] demonstrated that the atrial tissues of patients with AF had a higher prevalence of inflammatory infiltrates, fibrosis, and myocyte necrosis than those without AF. Our previous study identified poor coronary collateral circulation preoperatively as a powerful predictor of AF after CABG surgery. Good collateral coronary circulation can affect the occurrence of AF after CABG surgery by reducing atrial and myocardial ischemia, oxidative damage, inflammation, fibrosis, lipid deposition, and dilatation [21] . Therefore, higher platelet volume may cause atrial and myocardial tissue ischemia by changing blood viscosity and increasing inflammation, thus increasing the risk of AF. However, this is purely speculative as these parameters were not assessed in this study. The limitations of this study include the relatively small number of patients, its cross-sectional retrospective design, and short follow-up period. ECG monitoring was performed based solely on the findings of physical examination or the complaints of the patient, and the use of telemetry or ambulatory Holter ECG monitoring techniques and asymptomatic or short episodes of AF might have been overlooked.
Conclusion
In this study, there was an independent association between PLR and AF after CABG surgery. Diagnostic performance of PLR is fair, but it seemed to be a simple method and an indication for an inflammatory marker to predict AF after CABG surgery. Further, prospective trials will be necessary to determine long-term outcomes of AF after CABG surgery with PLR.
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